the

WG.

NGR=32-015-013

s Solution of

bemg of Lineasr

and Related Topled

>

.

7 e

WU &

1&NLONS




T this veport, & concisgse summsyy of the research work done in con-
nection with the NASA Grant NOR-33~015-013 for the period December 1, 1967 to

August 31,1970 is given. The pericd from Juae 1,1965 to November 31,1967 has

already The research has lead to 41 publications and

2 papers end one lecture. Farbthemore, the princlpal

fnvited bo present some of hils regearch vesults at six

in U.8. and abroad. Since [L}=[3], [5]-[10] ena [14)

«

G, we give a summary of the work described in the

pgsits

2. Summaz Tleastlions and Reportd.

inberpretations

are glven to the currentvly nimlzing the densivies of

matrices in Linesr prog

shown how such doberpretations technicues in the probablliistic

nabion of the der

the vow count vecbor and the a prloxl dstbe:

ven matrix. Tt ds also shown how

pplled to the orthogonalizat thods
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product forw of ilnverse slgorlfhms

the generalized loverse of a mabrix
»F elementary orbthogonal watrices and the Gaussian
1elds orthonormal basges for the ranged and the

the generalized inverse, Modlfications of the

equations are glven. Compact

- matrices, are also described.

s generallzed Inverses and a constructive

tescent for the leagt solution of

proot of

IS
™

illeconditionad and gingular Linear equations are

Tor lmproving thely conditloning and methods for

s

Intmizing the nonber of non-uero

. - Y s =
f the Crout reduction (no new elemezun
are created in the back substitubion). Practical computationsl techaolques for

the discussed,

1o onounknowns




The method i obbalned by winimizing (in the least

the of the coefficler of a
In (2171, we have discussged the problem of minimizing the number of
new nonezero eloments created during the forward course (no new elements are

cregted in the hack substitution) of the Gaussian eliminatlon for the solution

of gparse ecuationz. A plvot cholce that leads to the minimun nurber of new

v

non~zere elements under o convexlty sssunpblon is given. Some other mathods

sabion of near Simwom plvot cholees are also described.

]

ef varlovs minimizatlion algorithws which us

728

r inverse of the Hesslan matrix
given in [22] the estimated inverse of the Hessian

mabrix and compuvational improvements in the

zing the number of zero elementg that becoxn

i

nonezene during the compubtatvion when a gparse symmetric matrix ig reduced

to a briple dlagonsl fom, either by Glveng' or Housebolder's method, is dige

s

nimizing the growth of sueh nonwzero elenments

Algnrithns

(the V- generalived inverse of

In LP)-L 1, &

L ~ K .

a matrix A) ig given. This not ouly leads to a slmple methed for compubing

Iy 9,

A . but aldo ylelds the bogls and the projections for the ranges, as well

A wmethed which ag the cor




g priori

matrices are ln forag which are deslrable Trom the view point of the Gaussian

P

elimination, Synmetric pemmutations, which lead to band form

Torm (DBBF), or dubly bordered block diagonsl form.

Y

(BF), doubly

(DBBDF), are consids Several proparties of matwices in BF, DBBF

ived by ing use of a probsblilistic approach. It is then
can he efficlently utilized for trandforming an
DBRF ox DBEBDF, An algoritha for thls purpose

fo dnterpretation for it 18 glvea. This algoritim
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when many prodblens with simiiar pattern of non-z

values have to be solved. The paper concludes with
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or minimizing the band widih of

nmber of zero elements that becone

non-vere during the compabation, when a large sgpavse matrix lg reduced to the
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gliwilerity transfomsstions, Ik

Heggenhery (Lﬂamm selangoelear) form by G

s

Ioing the growsh of such non-zero elements
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The method utilizes the concepts of pseudo-Boolean

Twe neyw sethods for compubing the generalized ioverses are given in
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Iven dn this paper are gsomewhat slupler and in certain

~ nethods avallaaLg in the literature.

above mentloned publicatlions 1t 1¢ evident that

3

Time and compubing effort are possibdle in computations

sultable row-colum permutations are performed on

and scope of the problems that can he solved on

the pres computers. It 1g now falrly easy to £ind the genervalized

inverse of & matrlx and the least squares solutlon of equations, ag several

purpose, some of these were developed as g

result of this grant. Slailarly, the determination of the Chebyshev solution

of & gysten of egquations i now & reasonably easy problem in view of the
algorithms developed here and elgevhere.
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